The decay resistance of Palmyra palm wood (Borassus flabellifer), also referred to as sugar palm, was assessed in laboratory soil block tests against Oligoporus placenta, Gloeophyllum trabeum, Irpex lacteus, and Trametes versicolor as well as in a non-sterile soil burial test designed to encourage soft rot attack. Mass losses on pine control blocks were consistent with aggressive decay conditions for all but those exposed to Irpex lacteus, while mass losses for palm wood blocks exposed to the same fungi ranged from 0,46% to 10,6%. The magnitude of mass losses would categorize palm wood as resistant to highly decay resistant, suggesting that these materials might perform well in exterior above ground applications. Mass losses were weakly correlated with density suggesting that selection of denser wood will result in better performing materials in these applications. Field tests to confirm these results are encouraged.
INTRODUCTION
Palm trees are widely grown across the tropical parts of the globe. Among the most common species is the coconut (Cocos nucifera), date palm (Phoenix dactilifera) and oil palm (Elaeis guineesis), but there are a number of other species planted for the production of nuts and other edibles (Bailleres et al. 2010) . Among these is Palmyra palm (Borassus flabellifer), also referred to as sugar palm, which is native to the Indian sub-continent as well as parts of southeast Asia where it is grown for its fruit, sap, edible sprouts, and foliage (Davis and Johnson 1987, World Agro Forestry Centre 2017) . Eventually, productivity of the trees declines and they are cut down and replanted. For many years, the boles of these trees were left to rot in the fields. Declining supplies of more traditional wood species led to the development of local markets for sawn Palmyra palm wood in many countries where they had reputation for durability, although no test data were available (World Agro Forestry Centre 2017). More recently, products produced from these trees have begun to be exported to Europe and North America. As a monocot, the structure of Palmyra palm differs from that of traditional dicots where the conducting elements are distributed in bundles throughout the cross-section and the stem is determined at the time of formation. Furthermore, woody tissue density as well as sugar and starch content in many palms differ both radially and with distance above the ground (Schmidt et al. 2016) . As a result, considerable care must be taken to ensure the utilized material is sufficiently dense to perform in a given application (Bailleres et al. 2010 ).
The wood of many palms was traditionally considered to be non-durable and to require preservative treatment for use in exterior applications. However, these reports reflect the use of these materials under more tropical conditions and there are no reports of field trials of Palmyra palm wood in temperate 1 applications, although other species, such as cocowood, have been subjected to limited testing (Peek 1994 , Amartey et al. 2006 . For example, Jourez et al. (2012) evaluated the relationship between density and decay resistance of cocowood and found materials with densities greater than 900 kg/m 3 were classified as either Class 1 or 2 in the European Durability system described in EN 335/355 (EN 1994 , EN 2013 , CEN/TS 2005 .
Palmyra palm wood could also be used for exterior decking in the U.S., but there are few data evaluating the decay resistance of this material using U.S. standards. The goal of this study was to evaluate the decay resistance of palm wood using soil block tests as the first step in assessing the suitability of this material for exterior above ground applications.
MATERIALS AND METHODS
Palmyra palm wood boards were obtained from an importer and cut into 19 mm cubes for testing. The source of the parent material could not be determined; however, density measurements made before exposure indicated that density ranged from approximately 700 to 1065 kg/m 3 . While not originally a part of the test protocol, the relationship between density and fungal associated mass loss became a part of the experiment.
The cubes were oven-dried (104 °C) and weighed (nearest 0,001 g) prior to being allocated to one of five exposure groups. Similar blocks were prepared from southern pine sapwood (Pinus spp.) to serve as decay susceptible controls. The blocks of both species were then briefly soaked in distilled water before being subjected to 2,5 mrad of ionizing radiation from a cobalt 60 source. The sterile blocks were then assessed for decay resistance using procedures described in American Wood Protection Association Standard E10 (AWPA 2017).
Decay chambers were prepared by half-filling 454 ml french squares with moist forest loam and placing a western hemlock (Tsuga heterophylla (Raf) Sarg) (for brown rot fungi) or red alder (Alnus rubra Bong) (for white rot fungi) feeder strip on the soil surface. The bottles were loosely capped and autoclaved for 45 minutes at 121 °C. After cooling, the bottles were inoculated with 3 mm diameter malt agar disks cut from the actively growing edges of cultures of the test fungi. The fungi evaluated in these procedures were Gloeophyllum trabeum (Pers.ex. . The former two fungi produce brown rot, while the latter two species produce white rot. The agar plugs were placed on the edges of the wood feeder strips, then the jars were loosely capped (to allow air exchange) and incubated until the feeder strip was thoroughly covered with fungal mycelium. Finally, sterile test blocks were placed on the surfaces of the feeder strips, the bottles were loosely capped and incubated at 28 °C for 12 weeks for all but the blocks exposed to T. versicolor, which were exposed for 16 weeks. Ten blocks of each wood material were evaluated per fungus. Non-fungal exposed controls were included to provide a measure of the mass losses that occur from block handling.
In addition, 10 Palmyra palm wood and 10 southern pine blocks were buried in non-sterile soil to evaluate the potential for soft rot attack. Briefly, 454 ml french squares were half-filled with non-sterile soil mixed with compost, a 10 mm square of filter paper was placed on the surface, two blocks were added, and an equal amount of soil was placed on top. The soil was wetted to 100% of water holding capacity to create conditions that would be more conducive to soft rot attack. The jars were loosely capped and incubated at 28 °C for 12 weeks. While this non-sterile test could allow for attack by any organisms in the soil, the moisture levels in the jars were raised to levels more typically capable of supporting soft rot attack (Zabel and Morrell 1992, Nilsson 1974) . At the end of the test, thin sections were cut from the surfaces of selected blocks with higher weight losses. These sections were examined under a light microscope for evidence of diamond shaped cavities typical of Type 1 soft rot attack.
At the end of the incubation period, the blocks were removed, scraped clean of adhering mycelium Laboratory decay resistance of..: Li et al. or soil, and weighed to determine wet weight. The blocks were then oven dried (104 °C) and weighed. The difference between initial and final oven-dry weight was used as a measure of the decay resistance of each material.
Density (oven dry basis) of each block was calculated using the original dimensions and the oven dry weight prior to fungal exposure. Those values were compared with mass losses. Previous studies have indicated that denser cocowood was more resistant to decay and we wanted to determine if this was also true for Palmyra palm wood (Jourez et al. 2012 , Peek 1994 .
RESULTS AND DISCUSSION
Mass losses in southern pine blocks ranged from 15,5% for I. lacteus to 49,8% for O. placenta (Table 1) . While the mass losses were somewhat low for I. lacteus, weight losses in this range would be more typical of white rot fungi on a softwood in this test. Irpex lacteus mass losses may have been more comparable to T. versicolor had this fungus been exposed to the wood for the standard 16 weeks instead of 12. Palm wood samples exposed to O. placenta experienced less than 0,5% mass loss. Palm wood exposed to I. lacteus or G. trabeum experienced slightly higher weight losses averaging 3,5 and 6,4% respectively. Mass losses for blocks exposed to T. versicolor averaged 10,6%; however, these results must be compared with the understanding that they represent a longer incubation period. There are no specific standards for categorizing durability of wood in North America, but ASTM Standard D2017 categorizes durability on the basis of average mass loss in a soil block test (ASTM 2001) . Highly decay resistant woods are those that experience mass losses averaging less than 10%. Palm wood would be classified as durable to highly durable under these criteria.
Burial of palm wood in non-sterile soil resulted in mass losses that averaged 1,3% while those for southern pine averaged 6,1% (Table 1) . Mass losses in soil burial tests pushed to encourage soft rot attack are typically low because the fungi involved tend to degrade wood more slowly than basidiomycetes. No evidence of diamond-shaped cavities typical of Type 1 soft rot attack were observed in cells in thin sections cut from the surfaces of palm wood blocks and examined under a light microscope. These results suggest that palm wood was also resistant to degradation under conditions that favored soft rot attack.
Previous studies have suggested a strong relationship between density and decay resistance for cocowood and oil palm. As noted earlier, density as well as sugar and starch content varies radially as well as vertically on the stem. These variations suggest that attempts to use palm wood require at least some degree of sorting for density, although they may also require some care to ensure that trees are cut in seasons where starch and sugar storage are reduced. The densities of the palm wood used in the current study had a relatively narrow range (740 to 1065 kg/m 3 ), limiting the potential for examining the density relationship with decay resistance. Lower weight losses for blocks exposed to either O. placenta or the soil burial further limited comparisons. Plots of density vs mass loss for blocks exposed to either G. trabeum or I. lacteus did show slight trends for decreased mass loss with increased density, but the correlations were low (Figure 1) . Correlations between mass loss and density were much better for T. versicolor (R 2 = 0,64).
The results highlight the importance of using only the denser parts of the stem in exterior applications. These results also correlate with previous results produced using the European test methodologies on other palm species and suggest that dense palm wood could be used in exterior decking applications without supplemental treatment (Jourez et al. 2012) . One approach to limit the risk of early decay would be to limit exterior exposures to those boards having densities above 800 kg/ m 3 since T. versicolor appeared to be active against samples with densities between 700 and 800 kg/m 3 . Further field trials would be advisable to confirm that this approach would be functional. 
